Chrysosporium species are saprophytic filamentous fungi commonly found in the soil, dung, and animal fur. Subcutaneous infection caused by this organism is rare in humans. We report a case of subcutaneous fungal infection caused by Chrysosporium keratinophilum in a 38-year-old woman. The patient presented with severe chromoblastomycosis-like lesions on the left side of the jaw and neck for 6 years. She also got tinea corporis on her trunk since she was 10 years old. Chrysosporium keratinophilum was isolated from the tissue on the neck and scales on the trunk, respectively. The patient showed satisfactory response to itraconazole therapy, although she discontinued the follow-up.
INTRODUCTION
Chrysosporium species are saprophytic filamentous fungi occurring in soil, dung, animal fur, and bird feathers (Hocquette et al., 2005) . Chrysosporium keratinophilum may cause mild infections in humans and is sometimes responsible for onychomycosis (Hocquette et al., 2005) . However, subcutaneous infection resulting from C. keratinophilum has never been reported. Here, we present a case of severe chromoblastomycosis-like subcutaneous infection caused by C. keratinophilum from China.
CASE REPORT
A 38-year-old woman presented with a 4-year history of multiple verrucous nodules with a cauliflower-like appearance on her neck and face. The lesions were pruritic and progressively spread. Physical examination showed numerous verrucous nodules with superficial ulceration on the left side of her jaw and neck ( Figure 1A ). An isolated erythematous plaque with scale was also noted on her back ( Figure 1B) . The patient did not suffer from any known underlying disease or immunodeficiency. She noticed a first small nodule on her left ear without any trauma in 2010. The lesion gradually expanded to the left side of her neck. She did not pay attention to it until her pregnancy in 2012 when the lesions spread aggressively to the entire left side of the neck. Then she was admitted to our hospital. She had a history of tinea corporis when she was 10 years old; at that time, other family members had the similar problem. Because of the patient's poor compliance with antifungal treatment (oral griseofulvin), the lesions on her trunk did not totally disappear but remained for years, although her family members were cured completely with the same therapy. Potassium hydroxide (KOH) direct examination of exudates from the plaque lesion in the neck and scales lesion from trunk revealed septate hyphal elements. Microscopic features of organisms from the two sites (her neck and trunk) were similar (Figures 1C,D) . A biopsy taken from the lesion on the neck showed suppurative granulomata formation, and septate hyphal elements were found in the dermis and pus upon PAS (Periodic Acid-Schiff) staining (Figures 2A,B) . Acid-fast staining was negative. Routine laboratory tests were unremarkable. Based on the histopathological and microscopic examination, a provisional diagnosis of a fungal infection was made, but no treatment was given during her pregnancy until her delivery when she received oral itraconazole (200 mg twice daily, BID) for 3 months. The rash dramatically reduced, and scaling lesions on her truck disappeared. However, the patient discontinued medication and was lost for follow-up. After 2 years (in 2014), the patient readmitted to our hospital with aggravated lesions on her neck again ( Figure 3A) . Scaling lesions were noticed on her trunk as well ( Figure 3B ). Therapy was given with itraconazole (200 mg, BID) for another 4 months. Plaques FIGURE 4 | (A) After incubating at 25 • C for 2 weeks, colonies appeared yellowish white, fluffy, and dense, powdery at the center on potato dextrose agar (PDA). (B) Hyaline hyphae bearing conidia which were terminal or lateral, sessile or on short, cylindrical protrusions, thick-walled, obovoid to clavate with conspicuous basal scars (lactophenol solution, ×400).
and nodules gradually became flat with scarring left ( Figure 3C ). The scaling lesions on her trunk had disappeared completely. Unfortunately, the patient was lost for follow-up again.
MYCOLOGY
Direct microscopy of exudates from the lesion on the neck and scales on the trunk revealed septate hyphal elements (Figures 1C,D) . Both clinical specimens were cultured on potato dextrose agar (PDA) at 25 • C for up to 2 weeks. Colonies grew slowly, appeared yellowish white, fluffy, with a dense, powdery center ( Figure 4A) . Microscopy of hyphal colonies revealed the same morphology, hyaline hyphae bearing conidia which were terminal or lateral, sessile or on short, cylindrical protrusions, thick-walled, obovoid to clavate with conspicuous basal scars (Figure 4B ), which were phenotypically identified as a Chrysosporium species. The identification was further confirmed by sequencing of ITS region of rDNA using the Blast program in GenBank which yielded a 99% identity match with the strain IFM 55159 of C. keratinophilum (accession no. AB361655). The isolate from neck was deposited in the collection of the Centraalbureau voor Schimmelcultures Fungal Biodiversity Centre (CBS) under strain number 142081 and the IFM collection (Medical Mycology Research Center of Chiba University, Japan) under strain number IFM 63626, ITS sequence was deposited in GenBank under accession number KT808269. The molecular investigation confirmed the mycological diagnosis and histopathological data led to the final diagnosis of chronic cutaneous granulomatous infection due to Chrysosporium keratinophilum.
DISCUSSION
The genus Chrysosporium contains morphologically simple fungi with one-celled, thallic conidia. With this definition, numerous unrelated species have been affiliated to the genus. Confusion has particularly been caused by reporting species of Emmonsia in the Onygenalean family Ajellomycetaceae comprising pulmonary colonizers of wild rodents, under the name Chrysosporium (Hubalek et al., 1998) . In contrast, Chrysosporium species according to the current definition either reside as saprobes in habitats enriched with keratin such as bird feathers and animal hair when related to Onygenaceae (De Hoog et al., 2000; Hubalek, 2000) , or cause skin infections in reptiles when affiliated to Nannizziopsiacea (Stchigel et al., 2013) . In many reports in the literature, the etiologic agent had been identified only at genus level, which obviously is non-informative (Levy et al., 1991) .
Chrysosporium keratinophilum is the anamorph of Aphanoascus keratinophilus, which is a member of Onygenaceae (Vidal et al., 2000) . Species in this family are environmental saprobes on keratinous debris (Vidal et al., 2000) . Asymptomatic carriage by animals and sometimes humans has been described (Woodgyer, 1977) . Some species may be involved in human superficial infection and onychomycosis at low levels of virulence (Hocquette et al., 2005) . Deep infections are extremely rare in immunocompromised patients (Warwick et al., 1991) . In a retrospective study of onychomycosis in humans with diabetes mellitus, C. keratinophilum was isolated in 2.9% of the cases (Manzano-Gayosso et al., 2008) . This suggests an advantage for the fungus with metabolic or immune disorders of the host. Our case concerned an exceptionally severe infection in an apparently immunocompetent female. Recent studies of primary immunodeficiencies (PIDs), a group of hereditary immune disorders with increased susceptibility to infection, have led to significant breakthroughs in our understanding of cellular and molecular mechanisms that predispose to both invasive and mucocutaneous fungal infections. Given the severity of the case, the recurrence of the fungus over decades, and the occurrence of similar infections in family members, a rare inherited immune disorder such as homozygous mutations in the CARD9 gene involved in the C-type lectin pathway may be surmised (Alves de Medeiros et al., 2016; Wang and van de Veerdonk, 2016) . Unfortunately, our patient was lost for follow-up before this was realized.
Etiology of C. keratinophilum in our case was proven by histological examination and mycological examination with presence of identical hyphal elements in both clinical specimens from neck and trunk. And two times of tissue biopsy culture revealed the same agent. These data provided strong evidence in favor of its pathogenicity in this exceptional, subcutaneous granulomatous infection. ITS sequencing further confirmed that the same species, which is not part of the commensal fungal flora of human skin, was involved in all lesions. The scaling lesions spontaneously appearing on the patient's trunk for over several decades caused by C. keratinophilum were prior to the neck lesions, which suggests fungal infection on the neck might have been acquired by scratching. The nodular lesions remind one of chromoblastomycosis because of significant dermal acanthosis, but differs by presence of exudates and septate hyphal elements rather than muriform cells in tissue.
In vivo studies have shown the ability of C. keratinophilum to induce granulomatous lesions in white mice (Otcenasek and Dvorak, 1964; Hubalek and Hornich, 1977) . However, to our knowledge, the species has never been reported from a cutaneous granulomatous infection in humans. Remarkably, the neck lesions took a different clinical aspect during pregnancy, strongly suggesting a hormonal contribution in addition to the surmised immune disorder. Similar aggravation of the infection during pregnancy was reported, e.g., Veronaea botryosa (Bonifaz et al., 2013) and Exophiala spinifera (Bonifaz et al., 2013; Wang et al., 2013) . However, it remains unexplained why the trunk lesions remained as mildly hyperkeratotic patches during the same period of pregnancy. At present, no standard antifungal therapy can be recommended for Chrysosporium infections. In this case, the patient showed satisfactory response to the treatment with itraconazole, although she discontinued the follow-up. Considering the chronic course of the infection and the risk of sudden expansion and aggravation under hormonal influence, adequate monitoring to timely adjust the therapeutic regimen is recommended.
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